To evaluate the contributions of socioeconomic, lifestyle, and body weight factors to predicted risk of coronary heart disease (CHD) in the population and thus provide a focus for policies on prevention. DESIGN: Prospective study and cross-sectional population health survey. SUBJECTS: In all, 3090 men in the Framingham study and 2571 men in the 1998 Health Survey for England (HSE) aged 35-74 y with no history of cardiovascular disease participated in the study. MEASUREMENTS: Data on sex, age, systolic blood pressure and antihypertensive medication, total and high-density lipoprotein cholesterol levels, diabetes, and their association with the incidence of myocardial infarction and fatal CHD in the Framingham study population were used to derive functions for predicting individual 10-y risk of CHD. These functions were applied to the same data on participants in the HSE. High risk was defined as 10-y CHD risk Z15%. The proportion of high risk in the English population attributable to each of the risk factors examined was assessed. RESULTS: In all, 32% of men in England had predicted 10-y CHD risk Z15%. Such high risk was significantly associated with body mass index (BMI, kg/m 2 ), waist:hip ratio (WHR), smoking, and levels of physical activity, educational attainment, and income (all Pr0.007). In this population, 47% of high CHD risk was attributable to excess body weightFBMI Z25 kg/m 2 and/ or WHR Z0.95Fand 31% to the sum of the four other significant factors: lack of educational qualifications, low income, smoking, and physical inactivity. CONCLUSION: Overweight and obesity now dominate the standard risk factors of CHD in men and should be the focus of national policies for prevention.
Introduction
The UK government's National Service Framework for coronary heart disease (CHD) aims to reduce CHD mortality by 40% in the first decade of this century by setting national standards for improving prevention, diagnosis, and treatment. 1 Identification of individuals at very high risk of CHD and the offer of drug therapy 2 is one approach to reduce CHD incidence over the long term. An alternative is to develop public health policy prevention programmes. Aspects of socioeconomic status such as occupation, 3 educational attainment, 4 and income; 5 lifestyle factors such as smoking, 6 adverse dietary habits, 7 and physical inactivity; 8 and overweight 9 are associated with CHD. Evaluation of the contribution of each of these factors to the high risk of CHD in the population would help focus the policies and interventions for prevention. National 10 and international 11 recommendations on preventing CHD employ the Framingham Heart Study risk functions 12 to identify individuals at high risk for CHD. The published Framingham risk functions are a valuable clinical tool and include an important lifestyle factor, smoking, in the assessment of risk. In order to assess the contribution of smoking, as well as that of other lifestyle factors to predicted risk in the population, we derived new Framingham functions that excluded smoking. We applied them to data on a representative sample of men in England and assessed the proportion of high CHD risk in this population attributable to socioeconomic, lifestyle, and anthropometric risk factors for CHD that are amenable to change through interventions at societal and individual levels.
Methods

Study population
The Health Survey for England (HSE) is a large, annual, nationwide, household-based cross-sectional survey of a representative sample of the population. The present study uses the 1998 HSE that focused on cardiovascular disease. Details of the methods are provided elsewhere. 13 Briefly, computer-assisted interviewing was used to collect information on a range of lifestyle factors and health outcomes. Standardised anthropometric measures and blood pressure were determined, and a blood sample was obtained at a subsequent nurse visit. The overall response rate among men aged 16 y and over was 66%.
Risk factors
Socioeconomic. Social class was based on the Registrar General's standard classification by occupation of head of household. Total household income was adjusted for the number of people in the household and divided into quartiles. The perceived social support scale was derived from questions on the amount of support and encouragement received from family and friends, and participants were classified as having no lack, some lack, and severe lack of social support. Education was coded according to the highest qualification obtained.
Lifestyle. Diet was assessed by questionnaire to estimate the total amount of fat and fibre intake, and consumption divided into low, medium, and high categories. Physical activity was assessed by questions on occupational activity, walking, and sport and recreation. Participants were asked about frequency, duration, and intensity of the different types of activity in the 4 weeks prior to interview. They were classified as active (meeting the current international guidelines of 30 min or more of moderate intensity activity at least five times a week), less active (undertaking light activities), or inactive. Participants were also categorised as neversmokers, ex-smokers, or current-smokers.
Anthropometry. Weight, to the nearest 0.1 kg, was measured using Soehnle electronic scales after participants had removed outer garments and shoes. Height was measured using a portable stadiometer and recorded to the nearest millimetre. Waist circumference was measured to the nearest millimetre at a point midway between the iliac crest and the costal margin (lower rib) using an insertion tape with a metal buckle at one end. Hip circumference was measured at the widest point over the buttocks below the iliac crest. Body mass index (BMI), calculated as weight in kilograms divided by height in metres squared, was categorised into five groups using cut-points at 23, 25, 27.5 and 30 kg/m 2 . Waist:hip ratio (WHR) was grouped into five categories based on cut-points at 0.85, 0.90, 0.95 and 1.00.
Framingham Heart Study functions
We used data from the Framingham Heart Study on 3090 men aged 35-74 y who were free of CHD at baseline examination carried out between 1968 and 1987. Participants were followed for 12 y and the incidence of 'hard' CHD (defined as myocardial infarction or coronary death) was recorded. Cox's proportional-hazards regression functions were derived, relating age, systolic blood pressure, antihypertensive medication, total and high-density lipoprotein cholesterol levels, and presence of diabetes to the development of CHD.
Statistical analysis
All analyses were performed using STATA version 8.1. We calculated 10-y CHD risk for men aged 35-74 y who participated in the 1998 HSE, applying the Framingham functions that were developed for the present study. Ageadjusted prevalence was calculated using the method of direct standardisation. We used logistic regression models to assess the association between high CHD risk (defined as 10-y risk Z15%), and potentially modifiable socioeconomic, lifestyle, and anthropometric risk factors. The standard way of estimating the public health impact of a particular risk factor is to use its prevalence in the population and relative risk of the event associated with it, to yield a population attributable risk fraction (PARF). The combined PARF for a number of risk factors cannot be obtained by simply adding individual PARFs, because of the overlap between the risk factors. We therefore estimated the unadjusted and adjusted measures of the PARF for each risk factor, based on logistic regression models 14 for the 2165 participants with complete data on all the significant factors, that is, BMI Z25 kg/m 2 ; WHRZ0.95; physical inactivity; ever-smoked; lack of educational qualifications; and household income in the lowest quartile.
Results
Data were available for 2571 (64.6% of 3981) men aged 35-74 y who participated in the 1998 HSE and had complete information on factors required for the assessment of coronary risk, after excluding 9.9% (437/4418) men reporting angina, heart attack, or stroke diagnosed by a doctor. The participants had a mean age of 51.5 y, 8.3% were on antihypertensive medication and 2.6% were diabetic ( Table 1) .
Coronary risk
The median predicted 10-y CHD risk was 11.6 per 100 men based on the risk functions developed for this study. There
Coronary heart disease and excess weight K Nanchahal et al was considerable overlap in the distributions of CHD risk across the categories for each risk factor examined ( Table 2) . Among socioeconomic factors, risk was associated with educational attainment and income but not with social class or social support. Among lifestyle factors, risk was associated with smoking and level of physical activity but not with fat or fibre consumption. The strongest associations were observed with weight-related measures.
High coronary risk
About a third of men had a predicted 10-y risk Z15%. Such high risk was independently associated with educational attainment, income, smoking, physical activity, BMI, and WHR (all Pr0.007) ( Table 3 ). The prevalence of high risk increased markedly with increasing WHR within each category of BMI, but less so with increasing BMI at high levels of WHR ( Figure 1 ).
Population attributable risk
A total of 59.3% of high risk in this population was attributable to BMI Z25 kg/m 2 , and 32.0% to WHR Z0.95 (Table 4) . A reduction of 46.6% (78.0-31.4%, Table 4 ) in the number of men with predicted 10-y CHD risk Z15% could theoretically be achieved if all men attained BMI o25 kg/m 2 and WHR o0.95, after allowing for the contributions of the four significant socioeconomic and lifestyle factors. Smoking, physical inactivity, lack of educational qualifications, Coronary heart disease and excess weight K Nanchahal et al and low income together accounted for an additional 31.4% of men at high risk.
BMI and WHR
Complete data on all anthropometric measures were available on 2440 men. In all, 30% (745/2440) of men had both BMI Z25 kg/m 2 and WHR Z0.95, while 26% (636/2440) had both BMI o25 kg/m 2 and WHR o0.95. There was little difference in the age-adjusted prevalence of overweight/ obesity with educational attainment, income, or level of physical activity, and a marked reduction among current- Coronary heart disease and excess weight K Nanchahal et al smokers compared to non/ex-smokers ( Figure 2) . The relationship of high WHR with each of these four factors was much stronger than for BMI. The age-adjusted prevalence of WHR Z0.95 increased with decreasing levels of educational attainment and income, was much higher among the physically inactive compared to the two active groups, and was higher among current and ex-smokers than in never-smokers. Systolic blood pressure and total cholesterol increased sharply with increasing BMI among men with WHR o0.95 and was high at all levels of BMI in men with WHR Z0.95 (Figure 3) . HDL-cholesterol decreased with increasing BMI, the rate of decrease being less among men with WHR Z0.95 than in those with WHR o0.95.
Discussion
Our results provide the strongest evidence to date concerning the effects of overweight and obesity on predicted CHD risk. A reduction of 47% in the number of men with predicted 10-y CHD risk Z15% could theoretically be achieved if all men attained BMI o25 kg/m 2 and WHR o0.95, after allowing for the 31% of high risk that is attributable to the other significant factors, that is, lack of educational qualification, low income, smoking, and physical inactivity. This is the first direct evidence on the impact of the ongoing epidemic of excess weight on CHD risk and suggests that this should therefore be the focus of preventive efforts.
This study is strengthened by using the current national data on CHD risk and thus on the effects of long-term exposure to the overweight/obesity epidemic. A possible limitation is that application of Framingham CHD risk functions may not be altogether appropriate for the population of England. Previous Framingham risk functions have distinguished low-from high-risk individuals in diverse populations 12, 15 and accurately predicted risk in northern Europe. 16 However, as Framingham risk functions have recently been reported to overpredict risk in England, 17 we raised the definition of high risk from 15 to 20%. This had little effect on the results for PARF, 85% of CHD risk Z20% was attributable to the factors examined (figures not shown) compared to 78% of CHD risk Z15%. Of greater importance is that our results show adiposity as the predominant factor underlying increased coronary risk. PARFs depend on the risk factors included, methods of assessment, and thresholds chosen for continuous factors. Furthermore, PARFs partly depend on the prevalence of risk factors in the population, and estimates may not apply to other populations where distributions of risk factors differ. The HSE 1998 was not designed to assess PARFs, and the measurements of factors such as physical activity and diet, which are particularly difficult to assess in large samples, may not adequately assess their importance in the development of CHD. Selection of different cut-points for the continuous factors will yield different PARFs. There are well-established definitions for overweight and obesity based on cut-points of BMI that we used, 18 but there is no consensus on appropriate thresholds for WHR. 19 An alternative cut-point of 27.5 kg/m 2 for BMI, with cut-points for all other factors as before, could achieve a total reduction of 60.2% rather than 78.0% in men at high risk of CHD. For WHR, we used the cut-point of the HSE, 13 where high WHR in men was defined as 0.95 or over. Finally, we may have underestimated the true size of the PARFs for the risk factors examined because assessment was made at only one time point, which can lead to an inaccurate assessment of exposures for factors such as physical activity. The association of adiposity and CHD is well documented. 9, [20] [21] [22] BMI is the most commonly used indicator of relative body weight in population studies. It does not, however, take account of fat distribution, so WHR or waist measurements have been increasingly used. We prefer the WHR as it has a smaller correlation with BMI than waist circumference (correlation coefficients of 0.583 and 0.858, respectively) and may provide more independent information on regional fat distribution. We know of no other study that has estimated PARFs for high predicted 10-y CHD risk. Using data from the Framingham study, Wilson et al 21 reported population attributable Coronary heart disease and excess weight K Nanchahal et al risks in the region of 20-25% related to excess weight (BMI Z25 kg/m 2 ) for hypertension, angina pectoris, and heart disease development in the short term (2 y). Population attributable risk of overall mortality associated with overweight and obesity in Canada among 20-64 y old increased from 5.1% in 1985 to 9.3% in 2000. 22 These results compare to our unadjusted estimate of 59.3% for predicted 10-y risk Z15% of myocardial infarction and CHD mortality attributable to BMI Z25 kg/m 2 . Much of the CHD risk associated with overweight is mediated by its association with hypertension, lowered HDL, and increased triglyceride concentration and insulin resistance. 23 Moreover, weight gain increases risk of CHD and weight loss significantly improves risk factors for CHD. 24 Every kilogram of weight gain after high school increased risk of CHD by 3.1% in men, while every kilogram of weight loss resulted in a reduction of 0.7% in LDL-cholesterol, 0.5% in systolic blood pressure, 0.2 mM in blood glucose, and an increase of 0.2% in HDL-cholesterol. The loss of 5-10% in initial body weight among overweight and obese adults can lead to reductions in various chronic disease risk factors, clinical benefits, and improvements in health. 22 Currently used risk functions for the prediction of CHD in clinical practice exclude excess body weight because it is considered to affect risk indirectly, through the more proximal physiological and metabolic factors such as blood pressure, lipid levels, and diabetes, which are included in individual risk assessment. However, obesity also appears to have an independent direct positive association in the long term on cardiovascular mortality, even after controlling for variables on the causal pathway. 25 Addressing the growing epidemic of excess body weight can be anticipated to have a substantial effect on the factors included in risk prediction and may also result in beneficial changes in other weightrelated factors associated with CHD such as insulin resistance, C-reactive protein, and fibrinogen. The increase in prevalence of obesity, diabetes, and physical inactivity between 1981 and 2000 in England and Wales is estimated to have contributed to about 8000 additional deaths due to CHD in 2000. 26 The current high prevalence of excess body weight and the dominance of its role on predicted CHD risk demonstrated here, together with Coronary heart disease and excess weight K Nanchahal et al the established role of weight reduction in the treatment of hypertension, dyslipidaemia and diabetes, makes it an obvious choice for intervention across the population. In addition, development and implementation of effective weight reduction and weight maintenance programmes for individuals has to be a priority. Intervention programmes could initially be aimed at those with high WHR, particularly those without educational qualifications, on low incomes, the physically inactive, and smokers. Such a focus could have a substantial impact on healthFincluding on the incidence of CHDFas well as implications for the economic costs to individuals, the health service, and society.
